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(54) Nonaqueous polymer liattery 

(57) A nonaqueous polymer battery includes a lith- 
ium ion conductive polymer having pores, a positive 
active material, and a carbonaceous negative active 
material. In the nonaqueous polymer battery, the posi- 
tive active material is represented by Lii.xCo02 (0^x^1) 
wherein the molar ratio of the carbon atoms in the neg- 
ative active material to the cobalt atoms in the positive 
active material is 7.5 or lower; the positive active mate- 
rial is represented by Lii.xNi02 (0<x<1) wherein the 
molar ratio of the carbon atoms in the negative active 

Fig. 1 



material to the nickel atoms in the positive active mate- 
rial is less than 10; or the positive active material is rep- 
resented by Lii.xNi(Co)02 (Lii.xNi02 having not more 
than 20% of the nickel atoms thereof displaced with 
cobalt ions; 0<x^1) wherein the ratio of the number of 
the moles of the carbon atoms present in the negative 
active material to the total number of the moles of the 
cobalt atoms and the nickel atoms present in the posi- 
tive active material is less than 10. 
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Descripti n 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to a nonaqueous lithium type battery using a lithium ion conductive polymer having 
pores. 

10 2. Description of the Related Art 

With the recent advancement of electronic equipments, development of high performance batteries has been 
expected. A power source mainly used in electronic equipments includes a primary battery such a as manganese diox- 
ide-zinc battery; or a secondary battery such as a lead acid battery or a alkaline battery, e.g.. a nickel-cadmium battery. 

15 a nickel-zinc battery, or a nickel-metal hydride battery. 

These batteries contain an aqueous electrolytic solution, such as an alkali (e.g., potassium hydroxide) aqueous 
solution or a sulfuric acid aqueous solution. The theoretical decomposition voltage of water is 1 .23 V. In a battery sys- 
tem having a voltage higher than this, water Is liable to decomposition, thereby making it difficult to store electrical 
energy stably. Consequently, the currently available batteries have an electromotive force of about 2 V at the most. 

20 Therefore, a nonaqueous electrolyte is to be used for high-voltage batteries of 3 V or more. Typical nonaqueous battery 
is a lithium battery using lithium as a negative electrode. 

As a lithium primary battery, there are a manganese dioxide-lithium battery and a carbon fluoride-lithium battery. 
As a lithium secondary battery, there are a manganese dioxide-lithium battery and a vanadium oxide-lithium battery. 
The life of a lithium secondary battery using metallic lithium as a negative electrode is short because a shortcircuit 

25 Is apt to take place due to dendritic deposition of metallic lithium. Further, the high reactivity of metallic lithium makes it 
difficult to secure safety. Therefore, a so-called lithium Ion battery using graphite or carbon in place of metallic lithium 
and lithium cobattate or lithium nickelate as a positive active material has been developed and exploited as a high- 
energy density battery. Recently, a battery which having a higher performance and safety has been required accompa- 
nying with spreading of its application. 

30 In a lithium battery and a lithium Ion battery (hereinafter inclusively referred to as lithium type batteries), the most 
part of lithium Ions participating in the electrode reaction of charge and discharge reactions are not lithium ions dis- 
solved in the electrolyte but those which are released from the electrode active material and migrate in the electrolyte 
to reach the opposite electrode. The distance of lithium ion movement is therefore long. Besides, the transport numbers 
of proton and hydroxide ion in an aqueous battery approximate 1 . while that of lithium ion in the electrolyte of the lithium 

35 battery Is usually 0.5 or lower at room temperature. The rate of movement of ions in an electrolyte depends on the con- 
centration diffusion of Ions. Since an organic electrolyte is more viscous than an aqueous one, the rate of ion diffusion 
is lower. Accordingly, the lithium type nonaqueous battery are inferior to the aqueous battery in charge and discharge 
performance at a high charging and discharging rate. 

In the lithium battery, a porous film made of polyethylene or polypropylene is used as a separator. Porous films 

40 made of polymers are mostly prepared by a casting-extraction process or a drawing process. The casting-extraction 
process is a process for producing a porous polymer film having no directivity, in which a polymer is cast in a solution 
and the cast film is immersed in a treating bath to remove the solvent to thereby leave circular or elliptical pores where 
the solvent has been. The porous separator obtained by the casting-extraction process has been applied to a closed 
nickel-cadmium battery. The drawing process is a process for producing a porous film having a directivity by drawing 

45 the polymer film. (U.S.R No. 4,346.142) The drawn porous film is widely applied to a secondary battery. Additionally, a 
porous polymer film can be prepared by a process including sheeting a polymer containing fine particles of salt or 
starch and then dissolving the fine particles in liquid (U.S.P. Nos. 3,214,501 and 3.640,829) or a process including dis- 
solving a polymer in liquid at a high temperature, cooling the solution to solidify the polymer, and removing the liquid 
(U.S.R Nos. 4,247.498 and 4,539.256). it is also known that a separator can have a safety mechanism through a so- 
so called shut-down effect that pores of a porous polymer film are closed by heat application (J. Electrochem. Soc. 140. 
(1993) L51). In time of danger due to heat generation, such a safety mechanism works to insulate between a positive 
electrode and a negative electrode to prevent further electrode reaction. 

Unlike aqueous batteries using an aqueous electrolyte, such as a lead storage battery, a nickel-cadmium battery 
and a nickel-metal hydride battery, a lithium type battery is less safe because of their combustible organic electrolyte. 

55 Hence it has been attempted to improve safety by replacing an organic electrolyte with a less chemically reactive solid 
polymer electrolyte. Use of solid polymer electrolytes has also been attempted from the views of flexibility in battery 
shape design, simplification of production process, and reduction In production cost. 

As an ion conductive polymer, many complexes of an alkali metal salt and a polyether. such as polyethylene oxide 
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or polypropylene oxide have been studied. However, a polyether hardly exhibits high ionic conductivity while retaining 
sufficient mechanical strength. Besides, because its conductivity greatly depends on temperature, sufficient conductiv- 
ity cannot be secured at room temperature. Accordingly, it has been proposed to use a comb type polymer having a 
polyether in the side chain, a copolymer comprising a polyether chain and other monomers, polysiloxane or polyphos- 
5 phazene having a polyether in the side chain, or crosslinked polyether. 

In an ion conductive polymer in which a salt is dissolved therein such as a polyether-based polymer electrolyte, 
both cations and anions migrate and the cation transport number is 0.5 or less at room temperature. In order to make 
the lithium ion transport number 1 . an ion conductive polymer carrying an anionic group, e.g., -SO3' or -COO' was syn- 
thesized to serve as a polymer electrolyte, but proved very difficult to apply to the lithium battery because lithium ions 
10 are strongly restrained by the anionic group, resulting in very low ionic conductivity. 

It has also been attempted to apply a solid electrolyte in a gel state to a lithium battery. The solid electrolyte is pre- 
pared by impregnating a polymer with an electrolyte. Polymers for use in this type of electrolytes include polyacryloni- 
trile (J. Electrochem. Soc, 137, (1990) 1657. J. Appl. Electrochem., 24, (1994) 298), polyvinyl id en e fluoride 
(Electrochimica Acta, 28. (1983) 833, 28, (1983) 591), polyvinyl chloride (J. Electrochem. Soc., 140, (1993) L96). poly- 
15 vinylsulfone (Electrochimica Acta, 40, (1995) 2289, Solid State Ionics, 70/71 , (1994) 20), and polyvinylpyrrolidinone. It 
has been proposed to achieve improved conductivity by using a vinylidene fluoride-hexafluoropropylene copolymer 
which has reduced crystallinity and can easily be impregnated with an electrolyte (U.S.R No. 5,296,318). It has also 
been proposed to prepare a lithium ion conductive polymer film by drying a latex of nitrile rubber, styrene-butadiene rub- 
ber, polybutadiene, polyvinylpyrrolidone, etc. and impregnating the resulting polymer film with an electrolyte (J. Electro- 
de chem. Soc., 141 , (1994) 1989 and J. Polym. Sci.. A32, (1994) 779). According to this technique, two kinds of polymers 
are mixed to make a mixed phase system composed of a polymer phase that has high mechanical strength and hardly 
allows penetration of an electrolyte and a polymer phase that has high permeability to an electrolyte to manifest high 
ionic conductivity, thereby to secure both mechanical strength and ionic conductivity. 

There are reports on a solid electrolyte comprising a porous polyolef in film with its pores filled with a polymer elec- 
ts trolyte so as to have enhanced mechanical strength and improved handling properties (J. Electrochem. Soc. 142. 
(1995) 683) and a polymer electrolyte containing a powdered inorganic solid electrolyte so as to have improved ionic 
conductivity and an increased cation transport number (J. Power Sources, 52, (1994) 261, Electrochimica Acta, 40, 
(1995) 2101. and 40. (1995) 2197). 

As described above, a number of proposals have hitherto been made on polymer electrolytes, but there still 
30 remains a problem that diffusion of lithium ions in a polymer electrolyte is slower than in an organic electrolyte, unsuc- 
cessfully exhibiting sufficient charge and discharge characteristics. 

Detailed Description of the Invention: 

35 According to the report by R. Yazami. et al.. Journal of Power Sources, 43-44, (1993) 39-46, lithium reacts with car- 
bon at 400**C to form lithium carbide (Li2C2), whereupon considerably high reaction heat generates. The reaction tem- 
perature lowers to 280°C under a pressure as high as 2 x 10® Pa. In a carbonaceous negative electrode, the above 
reaction is apt to take place when intercalation has proceeded, especially after the ratio of the number of lithium ions to 
the number of carbon atoms reaches 0.1. When a conventional lithium ion battery using a nonaqueous electrolyte are 

40 subjected to safety tests, such as a nail test and a crush test, heat is generated by an internal shortcircuit current, and 
the heat generated causes chemical reactions among the active materials, electrolyte and other battery constituent 
materials, resulting in further heat generation. If the ratio of the number of lithium ions to the number of carbon atoms 
is 0.1 or higher, the heat generation and the resultant inner pressure increase due to vaporization of the electrolyte act 
as a trigger, causing the above-mentioned lithium carbide formation. It follows that the inner pressure suddenly rises, 

45 which endangers the safety of the battery. For this reason, charges and discharges of a carbonaceous negative elec- 
trode are limited, for the time being, so that the ratio of the number of lithium ions to the number of carbon atoms be 
less than 0.1 from the safety consideration. This has been a bar to development of practical batteries of high energy 
density. 

On the other hand, the conventional polymer batteries, in which a polymer electrolyte is used in place of a nonaque- 
50 ous electrolyte so as to suppress vaporization of the electrolyte due to heat generated by a shortcircuit, etc.. allow the 
negative electrode active material to be used until the ratio of the number of lithium ions to the number of carbon atoms 
becomes 0.1 or higher. However, batteries of this type have poor charge and discharge characteristics at a high rate on 
account of slow diffusion of ions in the polymer electrolyte. 

55 SUMMARY OF THE INVENTION 

The present invention has an object to provide a nonaqueous battery having a lithium ion conductive polymer hav- 
ing pores, a positive electrode active material represented by formula: Li-|.xCo02, Lii.}(Ni02 or Lii.xNi(Co)02 (0^x<1), 
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and a carbonaceous negative active material, the battery maintaining high safety even when the molar ratio of the neg- 
ative electrode active material to the positive active material is reduced, and exhibiting a high energy density and excel- 
lent charge-discharge characteristics at a high rate. 

A nonaqueous polymer battery according to the present invention includes a lithium ion conductive polymer having 

5 pores, a positive active material, and a carbonaceous negative active material. In the nonaqueous polymer battery the 
positive active material is represented by Ui.xCo02 (0<x<1 ) wherein the molar ratio of the carbon atoms in the negative 
active material to the cobalt atoms in the positive active material is 7.5 or lower; the positive active material is repre- 
sented by Lii.xNi02 (0<x^1) wherein the molar ratio of the carbon atoms in the negative active material to the nickel 
atoms in the positive active material is less than 10; or the positive active material is represented by Lii.xNi(Co)02 (Lii. 

10 xNi02 having not more than 20% of the nickel atoms thereof displaced with cobalt ions; 0<x<1) wherein the ratio of the 
number of the moles of the carbon atoms present in the negative active material to the total number of the moles of the 
cobalt atoms and the nickel atoms present in the positive active material is less than 10. 

According to the present invention, the battery according to the invention has a higher energy density with higher 
safety than conventional ones which use a nonaqueous electrolyte, not using a polymer electrolyte. Having a polymer 

15 electrolyte having pores, the battery of the invention exhibits higher performance in high-rate discharging than conven- 
tionally known totally solid batteries. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 In the accompanying drawings: 

Fig. 1 is a graph showing the discharge characteristics of batteries (A) and (B) according to the invention and con- 
ventional battery (D); 

Fig. 2 is a graph showing the discharge characteristics of batteries (E) and (F) according to the invention and con- 
25 ventional battery (H) ; and 

Fig. 3 is a graph showing the discharge characteristics of batteries (I) and (J) according to the invention and con- 
ventional battery (L). 

DETAILED DESCRIPTION OF THE INVENTION 

30 

The detailed description of the present invention will be described as follows. 

The inventors of the present invention have found an utterly novel principle that maximum utilization of a carbona- 
ceous negative active material can be increased by using a polymer electrolyte having pores. Based on this finding, the 
invention provides a nonaqueous battery having high safety, a markedly increased energy density, and excellent charge 

35 and discharge characteristics at a high rate. 

In a conventional battery containing a nonaqueous electrolyte, the electrolyte is vapored by heat generated by a 
shortcircuit, etc., to cause a sudden increase in inner pressure. In such a case, when intercalation at a carbonaceous 
negative electrode is proceeded, particularly when the ratio of the number of lithium ions to the number of carbon atoms 
becomes 0.1 or higher, lithium and carbon in the negative electrode react to form lithium carbide with heat generation, 

40 thereby leading to an abrupt further increase in inner pressure. For this reason, charges and discharges at a carbona- 
ceous negative electrode are limited, for the time being, so that the ratio of the number of lithium ions to the number of 
carbon atoms be less than 0.1 from the safety consideration. This has been a bar to development of practical batteries 
of high energy density. 

The battery according to the invention has a feature using a lithium ion conductive polymer electrolyte having pores 
45 thereby to reduce the proportion of the negative active material to the positive active material in amount. Use of the lith- 
ium ion conductive polymer electrolyte having pores has made it possible to inhibit an increase in inner pressure which 
would have been observed in a conventional battery using a nonaqueous electrolyte due to evaporation of the electro- 
lyte in case of a shortcircuit, etc. As a result, even when a cartwnaceous negative active material is consumed to a ratio 
of the number of lithium ions to the number of carlxin atoms of 0.1 or higher, lithium and carbon in the negative elec- 
50 trode are prevented from reacting to form lithium carbide, whereby heat generation accompanying the reaction and the 
resultant abrupt increase in inner pressure can be inhibited. Therefore, the battery of the invention thus achieves a great 
improvement in possible utilization of the carbonaceous negative electrode. I.e., maximum utilization with safety There 
is thus provided a battery having high safety as well as high energy density by using the carbonaceous negative elec- 
trode until the ratio of the number of lithium ions to the number of carbon atoms becomes 0.1 or higher and by reducing 
55 the proportion of the negative active material to the positive active material. 

The lithium ion conductive polymer having pores for use in the invention can be either a solid electrolyte obtained 
by impregnating a polymer with a nonaqueous electrolyte or a solid electrolyte prepared by solidifying a mixture of a 
nonaqueous electrolyte and a polymer. 
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As stated above, a lithium type battery using a totally solid polymer electrolyte shows reduced performance in high- 
rate charging and discharging due to slow diffusion of ions in the electrolyte. In the invention, to the contrary, the lithium 
ion conductive polymer electrolyte used in the battery has pores, in which an electrolyte is charged, to furnish passage- 
ways through which ions can diffuse fast. As a result, satisfactory performance can be attained in charging and dis- 

5 charging at higher rates than possible with a lithium type battery using a totally solid polymer electrolyte. When the 
polymer is used in combination with an electrolyte, the amount of the electrolyte required for sufficient contact with elec- 
trodes can be smaller than that in the conventional battery containing a nonaqueous electrolyte without using a poly- 
mer, thereby improving the safety of the battery Where the pores of an active material layer are filled with the lithium 
ion conductive polymer having pores, the amount of an electrolyte present in the pores of the active material layer can 

w be reduced greatly. An active material which repeats expansion and contraction with charges and discharges being 
used In the positive or negative electrode, the flow of the electrolyte in the pores of the polymer is made faster through 
the expansion and contraction of the active material. With this flow, lithium ions can be transferred farther. As a result, 
lithium ions migrate in the electrolyte more smoothly bringing about improved charge and discharge performance at a 
high rate. 

75 In the nonaqueous battery of the invention, the lithium ion conductive polymer having pores can be used as a sep- 
arator so that there is no necessity of separately using a separator having no lithium ion conductivity. This does not 
mean, however, to exclude a combined use of a separator having no lithium ion conductivity with the lithium ion con- 
ductive polymer. 

The present invention will now be illustrated by way of Examples as preferred modes. 

20 

EXAMPLE 1 

Nonaqueous polymer batteries were prepared according to the following procedure. 
Battery (A) according to the present invention was prepared as follows. 
25 A mixture consisting of 70 wt% of lithium cobaltate, 6 wt% of acetylene black, 9 wt% of polyvinylidene fluoride 
(PVDF), and 1 5 wt% of N-methylpyrrolidone (NMP) was applied onto a side of an aluminum foil of 20 mm in width; 480 
mm in length, and 20 ^m in thickness and dried at 150°C to evaporate NMP. The other side of the aluminum foil was 
coated similarly. The coated aluminum foil was pressed to prepare a positive electrode. 

A mixture consisting of 81 wt% of graphite. 9 wt% of PVDF, and 10 wt% of NMP was applied to a side of a nickel 
30 foil having a thickness of 14 jim and dried at 150°C to evaporate NMP. The other side of the nickel foil was coated sim- 
ilarly. The coated nickel foil was pressed to prepare a negative electrode. 

A mixture of NMP and polyacrylonitrile (PAN) having a molecular weight of about 100,000 at a weight ratio of 10:1 
was applied to the entire area of each side of the negative electrode under vacuum to make PAN be absorbed into the 
pores of the active material layer. The negative electrode was then heated at 80**C for 30 minutes to dissolve PAN in 
35 NMP. Incidentally, the porous degree of the porous polymer can be controlled by changing the amount of NMP. The neg- 
ative electrode was casted in water to extract NMP to make PAN a casting-extraction process porous polymer, followed 
by drying at 65°C for 10 hours under vacuum to remove water. 

The resulting negative electrode and the positive electrode, to which no polymer is applied, were put one on 
another with a 30 jim thick polyethylene separator interposed therebetween and rolled up. The roll was put in an angular 
40 Stainless steel battery case having a height of 47.0 mm, a width of 22.2 mm, and a thickness of 6.4 mm. 

Ethylene carbonate (EC) and dimethyl carbonate (DMC) were mixed at a volume ratio of 1 :1, and 1 mol/l of LiPFe 
was added thereto to prepare an electrolyte. The electrolyte was poured into the battery case to obtain a battery of the 
invention designated battery (A) having a nominal capacity of 400 mAh. On pouring the electrolyte, PAN in the negative 
electrode was swollen to give a porous polymer electrolyte. The stainless steel case used had grooves (what we call an 
45 irreversible safety valve) that are designed to develop cracks with an increase in inner pressure to relieve inside gas 
thereby to prevent the case from bursting. The molar ratio of C atom contained in the negative active material to Co 
atom contained in the positive active material was made 7.5. 

Battery (B) according to the invention was prepared in the same manner as for battery (A), except that a PAN 
porous polymer electrolyte was put in not only the negative electrode but in the pores of the positive active material 
50 layer. Incorporation of PAN into the pores of the positive active material layer was carried out in the same manner as in 
the incorporation into the pores of the negative active material layer. 

Conventional battery (C) having no polymer electrolyte was prepared in the same manner as for battery (A), except 
that PAN was not put into the pores of the negative active material layer. 

Conventional battery (D) was prepared in the same manner as for battery (B), except that each of the positive elec- 
55 trode and the negative electrode after having dissolved PAN in NMP was not casted in water but directly dried at es^'C 
for 10 hours under vacuum to remove NMP thereby to solidify PAN in dry process and that the positive and negative 
electrodes were rolled up without a separator therebetween. In battery (D), a shortcircuit between the positive and neg- 
ative electrodes could be prevented without a separator by applying PAN thick on both sides of each electrode. Since 
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PAN was solidified in dry process, the polymer electrolyte had no continuous pores unlike the case of casting-extraction, 
and all the electrolyte poured was infiltrated Into PAN to provide a totally solid battery 

Batteries (A) and (B) according to the invention and conventionally known battery (C) were each charged until the 
positive active material became IJ0.25C0O2 and the ratio of the number of lithium ions to the number of carbon atoms 
5 of the negative active material reached 0.1 . Thereafter, the batteries were subjected to a safety test in which a nail 3 
mm in diameter was put in to pierce through. The results of the test are shown in Table 1 below. It is seen from the 
results in the Table that batteries (A) and (B) according to the invention are superior to conventional battery (C) in safety 
It is also seen that battery (B) is still safer than battery (A). 
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TABLE 1 





Results of Nail Test 




Battery (A) 


The safety valve burst with no smoking. 


75 


Battery (B) 


The safety valve worked with no smoking. 




Battery (C) 


The safety value burst with smoking. 



Batteries (A) and (B) according to the invention and conventional battery (D) were each charged at 25°C at a charg- 
20 ing current of 0.3 CA for 1 hour and then at a constant voltage of 4.35 V for 2 hours, and then discharged to 3.0 V at a 
current of 1 CA. The results obtained are shown in Fig. 1, in which the discharge voltage (V) is plotted as ordinate and 
the discharge capacity (mAh) as abscissa. It can be understood from Fig. 1 that batteries (A) and (B) according to the 
invention exhibit far more excellent discharge characteristics than conventional battery (D). 

In using Lii.xCo02 as a positive active material of a lithium ion secondary battery, when a charge is ended at a 
25 charge voltage of 4.35 V for obtaining satisfactory cycle characteristics, the positive active material at the end of charg- 
ing becomes Lio.25Co02. In this case, the utilization of the positive active material is 75%. In a conventional battery 
using a nonaqueous electrolyte, in order to conduct charges and discharges with the ratio of the number of lithium ions 
to the number of carbon atoms falling within a range of less than 0.1 , in which range safety can be secured, the molar 
ratio of the C atoms present in the negative active material to the Co atoms present In the positive active material should 
30 be more than 7.5. The C to Co molar ratio (7.5) is calculated from equation: 

R+/R. =0.75/0.1 =7.5 

wherein R. is the upper limit of the ratio of the number of lithium ions to the number of carbon atoms of a carbonaceous 
35 negative active material in conventional battery (C) having a safety problem; R+ is the upper limit of x in Li^ .^^002 which 
varies with charges and discharges, at and below which satisfactory cycle characteristics can be secured. In the 
present invention, batteries having high safety and a high energy density can be obtained even with the above C/Co 
molar ratio being 7.5 or lower. 

40 EXAMPLE 2 

Nonaqueous polymer batteries were prepared according to the following procedure. 

Batteries (E) and (F) according to the present invention and conventional batteries (G) and (H) were prepared in 
the same manner as for batteries (A), (B). (C), and (D) of Example 1 . respectively, except for using Li^.^NiOg as a pos- 

45 itive active material. The molar ratio of the C atoms present in the negative active material to the Ni atoms present in 
the positive active material was made 9.5. 

Batteries (E) and (F) according to the invention and conventional battery (G) were each charged until the positive 
active material became Lio.o5Ni02 and the ratio of the number of lithium ions to the number of carbon atoms of the neg- 
ative active material reached 0.1 . Thereafter, the batteries were subjected to a safety test in which a nail 3 mm in diam- 

50 eter was put in to pierce through. The results of the test are shown in Table 2 below. It is seen from the results in the 
Table that batteries (E) and (F) according to the invention are superior to conventional battery (G) in safety It is also 
seen that battery (F) is still safer than battery (E). 



55 
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TABLE 2 


Results of Nail Test 


Battery (E) 


The safety valve burst with no smoking. 


Battery (F) 


The safety valve worked with no smoking. 


Battery (G) 


The safety value burst with smoking. 



10 

Batteries (E) and (F) according to the invention and conventional battery (H) were each charged at 25°C at a charg- 
ing current of 0.3 CA for 1 hour and then at a constant voltage of 4.35 V for 2 hours, and then discharged to 3.0 V at a 
current of 1 CA. The results obtained are shown in Fig. 2. in which the discharge voltage (V) is plotted as ordinate and 
the discharge capacity (mAh) as abscissa. It can be understood from Fig. 2 that batteries (E) and (F) according to the 

15 invention exhibit far more excellent discharge characteristics than conventionally known battery (H). 

In using Lit.xNi02 as a positive active material of a lithium ion secondary battery, the maximum possible utilization 
of Lii.j(Ni02, at which satisfactory cyclic characteristics can be maintained, is 100%. In a conventional battery using a 
nonaqueous electrolyte, in order to conduct charges and discharges with the ratio of the number of lithium ions to the 
number of carbon atoms being less than 0.1, in which range safety can be secured, the molar ratio of the C atoms 

20 present in the negative active material to the Ni atoms present in the positive active material should be 1 0 or higher. The 
C to Ni molar ratio (10) is calculated from equation: 

R^/R. = 1/0.1 = 10 

25 wherein R. is the upper limit of the ratio of the number of lithium ions to the number of carbon atoms of a carbonaceous 
negative active material in conventional battery (G) having a safety problem; R^ is the upper limit of x in IJ^_j(Ni02. 
and below which satisfactory cycle characteristics can be secured. In the present invention, batteries having high safety 
and a high energy density can be obtained even with the above molar ratio being less than 10. 

While, in Example 2, Lii.xNi02 is used up to 95% utilization, and the molar ratio of C atoms in the negative active 

30 material to Ni atoms in the positive active material is set at 9.5, the maximum possible utilization of Li^.xNi02 is 100%. 
at which satisfactory cyde characteristics can be retained. In principle, the same results as in Example 2 are to be 
obtained provided that the molar ratio of C atoms in the negative active material to Ni atoms in the positive active mate- 
rial is 9.5 or more and less than 10 and that the variation in the ratio of the number of lithium ions to the number of car- 
bon atoms of the carbonaceous negative active material due to charges and discharges is 0.1 . 

35 

EXAMPLE 3 

Nonaqueous polymer batteries were prepared in accordance with the following procedure. 

Batteries (I) and (J) according to the invention and conventional batteries (K) and (L) were prepared in the same 
40 manner as for batteries (A), (B), (C), and (D) of Example 1, respectively, except for using Li1.xNio.9Coo.1O2 (O^x^l) as 
a positive active material. The ratio of the number of moles of the C atoms present in the negative active material to the 
total number of moles of the Co and Ni atoms present in the positive active material was made 9.5. 

Batteries (I) and (J) according to the invention and conventional battery (K) were each charged until the positive 
active material became l-io o5Nio.9Coo.1O2 and the ratio of the number of lithium ions to the number of carbon atoms of 
45 the negative active material reached 0.1 . Thereafter, the batteries were subjected to a safety test in which a nail 3 mm 
in diameter was put in to pierce through. The results of the test are shown in Table 3 below. It is seen from the results 
in the Table that batteries (I) and (J) according to the invention are superior to conventional battery (K) in safety. It is 
also seen that battery (J) is still safer than battery (I). 
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TABLE 3 





Results of Nail Test 




Battery (1) 


The safety valve burst with no smoking. 


55 


Battery (J) 


The safety valve worked with no smoking. 




Battery (K) 


The safety value burst with smoking. 
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Batteries (I) and (J) according to the invention and conventional battery (L) were each charged at 25'*C at a charg- 
ing current of 0.3 CA for 1 hour and then at a constant voltage of 4.35 V for 2 hours, and then discharged to 3.0 V at a 
current of 1 CA. The results obtained are shown in Fig. 3, in which the discharge voltage (V) is plotted as ordinate and 
the discharge capacity (mAh) as abscissa. It can be understood from Fig. 3 that batteries (I) and (J) according to the 

5 invention exhibit far more excellent discharge characteristics than conventionally known battery (L). 

In using Lii.xNI(Co)02 as a positive active material of a lithium ion secondary battery, the maximum possible utili- 
zation of Lii.xNi(Co)02, at which satisfactory cyclic characteristics can be maintained, is 100%. In a conventional bat- 
tery using a nonaqueous electrolyte, in order to conduct charges and discharges with the ratio of the number of lithium 
ions to the number of carbon atoms of the carbonaceous negative active material being less than 0.1 , in which range 

10 safety can be secured, the molar ratio of the C atoms present in the negative active material to the total number of 
moles of the Ni atoms and the Co atoms present in the positive active material should be 10 or higher. The C to (Ni+Co) 
molar ratio (10) is calculated from equation: 

R^/R. = 1/0.1 = 10 

15 

wherein R. is the upper limit of the ratio of the number of lithium ions to the number of carbon atoms of a carbonaceous 
negative active material in conventional battery (K) having a safety problem; is the upper limit of x in Lii.xNi(Co)02, 
at and below which satisfactory cycle characteristics can be secured. In the present invention, batteries having high 
safety and a high energy density can be obtained even with the above molar ratio being less than 10. 

20 While, in Example 3, Lii.j(Ni(Co)02 is used up to 95% utilization, and the molar ratio of C atoms in the negative 
active material to the total number of moles of Ni atoms and Co atoms in the positive active material is set at 9.5, the 
maximum possible utilization of Lii.j(Ni(Co)02 is 100%, at which satisfactory cycle characteristics can be retained. In 
principle, the same results as in Example 3 are to be obtained provided that the molar ratio of C atoms in the negative 
active material to the total number of moles of the Ni atoms and the Co atoms in the positive active material is 9.5 or 

25 more and less than 10 and that the variation in the ratio of the number of lithium ions to the number of carbon atoms of 
the carbonaceous negative active material due to charges and discharges is 0.1 . 

While in batteries (A), (B). (E), (F). (I), and (J) polyacrylonitrile is used as a high polymer of the polymer electrolyte, 
the following high polymers may also be used in the same manner either individually or as a mixture thereof. Other usa- 
ble polymers include polyethers, such as polyethylene oxide and polypropylene oxide, polyacrylonitrile, polyvinylidene 

30 fluoride, polyvinylidene chloride, polymethyl methacrylate, polymethyl acrylate, polyvinyl alcohol, polymethacrylonitrile, 
polyvinyl acetate, polyvinylpyrrolidone, polyethyleneimine, polybutadiene. polystyrene, polyisoprene, and derivatives of 
these polymers. Copolymers derived from monomers constituting these polymers can also be used. 

While in batteries (A), (B). (E), (F), (I), and (J) a mixed solution of EC and DMC is used as a nonaqueous electrolyte 
which is to be infiltrated into the polymer in order to improve lithium ion conductivity and also as an electrolyte which is 

35 used for filling the pores of the lithium ion conductive polymer, other solvents may be used as well. Examples of useful 
solvents include polar solvents, such as ethylene carbonate, propylene carbonate, dimethyl carbonate, diethyl carbon- 
ate, Y-butyrolactone, sulfolane, dimethyl sulfoxide, acetonitrile, dimethylformamide, dimethylacetamide, 1 ,2-dimethox- 
yethane, 1,2-diethoxyethane, tetrahydrofuran, 2-methyltetrahydrofuran, dioxolane. and methyl acetate, and mixtures 
thereof. The electrolyte to be incorporated into the polymer and the electrolyte to be used for filling the pores may be 

40 the same or different. 

While in batteries (A). (B), (E). (F). (I), and (J) LiPFg is used as a lithium salt which is to be incorporated into the 
lithium ion conductive polymer and the nonaqueous electrolyte, other lithium salts, such as LiBF4, LiAsFg, UCIO4, 
LiSCN, Ul, LiCFgSOa, LiCI, LiBr, LiCF3C02, etc. and mixtures thereof, can be used as well. The lithium salt used in the 
ion conductive polymer and that used in the nonaqueous electrolyte may be either the same or different. 

45 

Claims 

1 . A nonaqueous polymer battery comprising: 

so a lithium ion conductive polymer having pores; 

a positive active material represented by Lii.xCo02 (0<x<1); and 
a carbonaceous negative active material; 

wherein the molar ratio of the carbon atoms in said negative active material to the cobalt atoms in said 
positive active material is 7.5 or lower. 

55 

2. A nonaqueous polymer battery according to claim 1 . wherein said lithium ion conductive polymer contains an elec- 
trolyte in the pores thereof. 
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3. A nonaqueous polymer battery according to claim 1 , wherein a layer of said negative active material includes said 
lithium ion conductive polymer. 

4. A nonaqueous polymer battery according to claim 1 , wherein a layer of said negative active material and the layer 
5 of said positive active material both have said lithium ion conductive polymer. 

5. A nonaqueous polymer battery according to claim 2. wherein a layer of said negative active material includes said 
lithium ion conductive polymer. 

10 6. A nonaqueous polymer battery according to claim 2. wherein a layer of said negative active material and the layer 
of said positive active material both have said lithium ion conductive polymer. 

7. A nonaqueous polymer battery comprising: 

15 a lithium ion conductive polymer having pores; 

a positive active material represented by Lii.xNi02 (0<x<1); and 
a carbonaceous negative active material; 

wherein the molar ratio of the carbon atoms in said negative active material to the nickel atoms in said 
positive active material is less than 10. 

20 

8. A nonaqueous polymer battery according to claim 7. wherein said lithium ion conductive polymer contains an elec- 
trolyte in the pores thereof. 

9. A nonaqueous polymer battery according to claim 7. wherein a layer of said negative active material includes said 
25 lithium ion conductive polymer. 

10. A nonaqueous polymer battery according to claim 7, wherein a layer of said negative active material and the layer 
of said positive active material both have said lithium ion conductive polymer. 

30 1 1 . A nonaqueous polymer battery according to claim 8. wherein a layer of said negative active material includes said 
lithium Ion conductive polymer. 

12. A nonaqueous polymer battery according to claim 8, wherein a layer of said negative active material and the layer 
of said positive active material both have said lithium ion conductive polymer. 

35 

13. A nonaqueous polymer battery comprising: 

a lithium ion conductive polymer having pores; 

a positive active material represented by Ui.xNI(Co)02 (Lii.j(Ni02 having not more than 20% of the nickel 
40 atoms thereof displaced with cobalt ions; 0<x<1); and 

a carbonaceous negative active material; 

wherein the ratio of the number of the moles of the carbon atoms present in said negative active material 
to the total number of the moles of the cobalt atoms and the nickel atoms present in said positive active mate- 
rial is less than 10. 

45 

14. A nonaqueous polymer battery according to claim 13, wherein said lithium ion conductive polymer contains an 
electrolyte in the pores thereof. 

15. A nonaqueous polymer battery according to claim 13, wherein a layer of said negative active material Includes said 
50 lithium ion conductive polymer. 

16. A nonaqueous polymer battery according to claim 13. wherein a layer of said negative active material and the layer 
of said positive active material both have said lithium ion conductive polymer. 

55 1 7. A nonaqueous polymer battery according to claim 14. wherein a layer of said negative active material Includes said 
lithium Ion conductive polymer. 

18. A nonaqueous polymer battery according to claim 14, wherein a layer of said negative active material and the layer 
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of said positive active material both have said lithium ion conductive polymer. 
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Fig. 2 
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